Introduction: Purulent meningitis is a severe infection of the central nervous system caused by different bacteria and very often causes severe complications and high lethality. Since the disease still has unclear pathogenesis and high mortality, researchers and clinicians are focused on the influence of damage of the blood-brain barrier (BBB) and its subsequent impact on the outcome of purulent meningitis. The aim of this study was to investigate the albumin concentration and the albumin coefficient as the best parameters of BBB damage, and their influence on the outcome of patients with purulent meningitis. Material and methods: The study was carried out by examining the hospitalized patients in the Clinic of Infective Diseases in Prishtina, Kosovo. Blood-brain barrier damage is evaluated by analyzing the dynamics of values of proteins, glucose and albumins, as well as by determining the BBB coefficient of damage. Results: The data consistent with BBB damage in patients with purulent meningitis corresponded with disease outcome. Consequently, 56.97% of the patients who developed complications or died had very severe BBB damage. Patients with the mean value of albumin coefficient X = 46.5 ±27.23 g/l were at higher risk of developing complications (relative risk (RR) = 2.63; p < 0.0001) or having a lethal outcome (RR = 5.20; p < 0.0001). Patients with longer duration of pathological mean values of albumin coefficient were at higher risk of developing complications (RR = 3.11; p < 0.0001). Conclusions: Our data suggest that BBB damage in patients with purulent meningitis correspond with disease outcome. The best predictors for outcome were albumin coefficient and albumin concentration in cerebrospinal fluid.
Introduction
Considering the fact that purulent meningitis is still a very serious disease, often associated with severe neurological complications and a high mortality rate, it still raises dilemmas concerning the aspects of treatment and expected outcome [1, 2] .
Experimental animal models showed that the use of antibiotics in treatment of bacterial meningitis worsened meningeal inflammation and consequently the outcome of the disease [3] . This was attributed to the release of local inflammatory mediators, causing damage of the central nervous system (CNS) and blood-brain barrier (BBB) [4] [5] [6] . In an animal model of pneumococcal meningitis, Lutsar et al. found that the use of dexamethasone has beneficial effects at the early stage of the disease, whereas these effects on the later course are minor [7] . Human studies showed that severe BBB damage, in patients suffering from acute bacterial and viral CNS infections, resulted in prolonged hospitalizations and potentially neurological complications [8] [9] [10] .
Data from recent studies (focused on bloodbrain barrier permeability) and attempts to modify inflammatory changes by using dexamethasone as an anti-inflammatory drug are inconsistent [11] [12] [13] [14] [15] [16] [17] . Performing a study by using dexamethasone in patients with CNS infections, Giasuddin et al. documented non-significant improvement of BBB damage [18] , while other clinical studies demonstrated that the use of dexamethasone reduces cerebrospinal fluid (CSF) inflammation, early deaths and neurological complications [1, 2, 14] . On the other hand, in a study with 301 adult patients with bacterial meningitis, de Gans and van De Beek found that dexamethasone reduces the risk of death and poor outcome [17] . In this context, some authors recommend the use of dexamethasone before the start of antibiotic treatment, to reduce complications [1, 2, 14, 19, 20] . Some other clinical trials have focused on determining the optimal longevity of the use of dexamethasone in treating bacterial meningitis [21] [22] [23] .
Recently, studies covering high income countries have reported that the use of dexamethasone reduces hearing loss and neurological sequelae, increases recurrent fever and has no effect on the mortality rate from bacterial meningitis [24, 25] . It has to be emphasized that the abovementioned clinical and animal studies use protein and CSF glucose concentrations as markers to determine the degree of BBB damage. Furthermore, it is reported that the best parameters to determine the degree of BBB damage are concentrations of albumins and the albumin coefficient [26, 27] . Clinical studies conducted in patients suffering from viral encephalitis [8, 9] and a study conducted in patients with bacterial meningitis [10] found that high albumin CSF concentrations and albumin coefficient correspond with prolonged hospitalization and can predict outcome of the disease.
Considering these facts, the aim of the study was to investigate and to compare the influence of albumin concentration and the albumin coefficient, as parameters of BBB damage, on the outcomes of patients with purulent meningitis, as well as the influence of dexamethasone on BBB recovery.
Material and methods
The study was carried out by examining the hospitalized patients in Kosovo (a low income country), in a third level hospital -the Clinic of Infective Diseases in Prishtina. The study was approved by the ethical committee of the Faculty of Medicine, University of Prishtina, Kosovo. From a total of 329 enrolled patients, 187 (56.83%) patients had a confirmed bacterial etiology, whereas 142 (43.16%) patients were treated for probable purulent meningitis, based on World Health Organization (WHO) criteria: clinical signs and symptoms of meningitis, changes in CSF (high proteins and low glucose), and lack of an identifiable bacterial pathogen. The patients who did not fulfill these criteria were excluded from the study. In each patient included in the study, the following procedures were performed on admission: lumbar puncture, CSF analysis (cell count with differential, glucose, and proteins), Gram staining, CSF and blood bacterial culture and repeated lumbar puncture (LPs) after 48 h.
The patients were divided into the three groups; the first group was treated without dexamethasone, the second group was treated with dexamethasone for up to 72 h, and the third group was treated with dexamethasone for longer than 72 h (Figure 1 ). The treatment was followed by laboratory analysis and evaluation by an oph- thalmologist and an ENT specialist. The diagnosis of neurologic complications (hydrocephalus, epilepsy, blindness, deafness, cerebral abscesses, subdural empyema, cranial and peripheral nerve palsy, ventriculitis and psychomotor retardation) was performed by neurologic examination, neuroimaging and electroencephalography. Indications for performing neuroimaging (computed tomography (CT) or magnetic resonance imaging (MRI)) of the head during meningitis were: prolonged fever, focal neurological deficit, convulsions, worsening consciousness level, prolonged cytobiochemical changes in CSF, or worsening of clinical presentation. The patients were clinically examined at least twice daily. Additionally, the patients were followed as outpatients for the next 4 years. The initial antibiotic therapy was determined based on the clinical presentation, altered mental state, seizures, neurologic deficit, the possible pathogen for each age group, the local antibiotic resistance patterns, previous treatment with antibiotics, the presence of a primary infectious focus, petechial or skin rash, and underlying diseases. Subsequently, the antibiotic treatment was adopted in compliance with the microbiological and antibiogram data. Dexamethasone, as an adjuvant, was used from the beginning of the treatment (0.15 mg/kg every 6 h) for 72 h, or longer, in accordance with the severity of disease.
The effect of treatment was evaluated, clinically as well as by analyzing the dynamics in the values of proteins (determined by the turbidimetric method), glucose (determined by the colorimetric GOD-PAP method), albumins (determined by the BCG (bromocresol green method), and by determining the BBB coefficient of damage [26, 27] .
The albumin coefficient is calculated based on the formula: C = (Albumin concentration in CSF/ Albumin concentration in serum) × 1000.
The reference value of the albumin coefficient was 1.8-7.4 × 10 -3
. An albumin coefficient value less than 9 is considered normal, a value of 10-14 indicates mild BBB dysfunction, 15-30 severe BBB dysfunction, 31-100 very severe BBB dysfunction, and if it is greater than 100, it indicates complete collapse of BBB functions [25, 26] .
Statistical analysis
ANOVA tests for multiple comparisons, as well as the RR, were used for statistical data processing.
Results
A total number of 329 patients were assigned to the study group, which included 246 (75.1%) infants and children and 83 (24.9%) adults (adults defined as persons of 16 years of age or older). Table I presents summarized data of the patients involved in this study.
Among 329 patients who fulfilled criteria for purulent meningitis, the etiology was confirmed in 187 (56.83%). The main causative agents con- The most frequent CNS complications were subdural empyema in 27 (8.2%) patients, hydrocephalus in 15 (4.5%) patients, cerebral abscess in 9 (2.7%) patients and epilepsy in 8 (2.4%) patients.
High CSF pleocytosis was evidenced in all three groups of patients with purulent meningitis, at the beginning of the diseases (Table II) . The duration of polymorphonuclear pleocytosis in patients with complications was significantly longer compared to patients without complications (p < 0.001). Persistence of polymorphonuclear pleocytosis longer than 10 days was evidenced in patients with severe forms of meningitis, as well as in those who developed complications.
Low CSF glucose was evidenced in all three groups of patients in the beginning, whereas duration of CSF low glucose in patients surviving disease without complications was significantly shorter (p < 0.001) compared to patients who developed complications. Similar to the persistence of pleocytosis, persistence of hypoglycorrachia in the second week of treatment suggests developing complications.
Higher values of CSF proteins were evidenced in patients with a lethal outcome, and in those who developed complications. A significant difference (p < 0.001) was found in the values of proteins, when comparing the patients with and without complications at the beginning of the disease. The duration of a high level of CSF proteins in the patients without complications was significantly shorter (p < 0.001) compared to patients who developed complications.
The highest values of CSF albumins are found in patients with a lethal outcome (X = 3.475 ±2.96 g/l) and were significantly higher (p < 0.001) compared to patients without complications (X = 1.46 ±0.78 g/l). In the patients without complications the duration of pathological concentrations of albumins was significantly (p < 0.001) shorter compared to patients who have developed complications. Similar findings were encountered when we analyzed data in different albumins (transudate and exudate, data not presented).
The majority of patients with purulent meningitis presented very severe BBB damage (Figure 2 ). Among the patients with complications, 64.3% had very severe BBB damage, whereas 4.8% presented a collapse of BBB functions. Among the patients with a lethal outcome, the percentage of patients with very severe BBB damage was 58.3% whereas 41.7% presented a collapse of BBB functions.
Mean values of albumin coefficient was the lowest in patients surviving disease without complications, X = 30.75 ±36.61, whereas it was much higher in complicated patients, X = 46.5 ±27.23, as well as in patients with a lethal outcome, X = 96.25 ±78.9 (Table III) .
The mean duration of the pathological value of the albumin coefficient in all 329 patients was In the patients without complications the duration of the pathological value of the albumin coefficient was X = 13.47 days, which is significantly shorter (p < 0.001) compared to patients who developed complications (X = 32.76 days). Analyzing BBB damage parameters in predicting the expected outcome of the patients with purulent meningitis, it was found that the most sensitive parameter for poor outcome was the albumin coefficient and duration of its pathological values. Patients with a mean value of albumin coefficient X = 46.5 ±27.23 g/l are at higher risk of developing complications (RR = 2.63; lower limit = 2.13; upper limit = 3.26; p < 0.0001) or having a lethal outcome (RR = 5.20; lower limit = 3.88; upper limit = 6.98; p < 0.0001), compared to the mean values of the albumin coefficient found in patients who survived the disease without complications. Furthermore, patients with longer duration of pathological mean values of the albumin coefficient are at higher risk of developing complications (RR = 3.11; lower limit = 2.51; upper limit = 3.83; p < 0.0001). In addition, the multivariate logistic regression analysis for other parameters, such as pleocytosis, hypoglycorrachia, and hyperproteinorachia, were shown to be less predictive for the outcome of patients with purulent meningitis (Table III) .
Discussion
Despite the progress in medicine, bacterial meningitis still causes severe morbidity and high lethality in all age groups, in both developed and developing countries [1, 2, 11, 12, 14, 17, 24, 28] .
Therefore, finding reliable predictors of this serious disease has been the aim of many studies that have used various clinical and laboratory parameters [28] [29] [30] [31] . It is worth underlining that the addition of laboratory tests to a score has only marginally improved the accuracy of the results [29] .
Furthermore, even though the CSF cultures become sterile for 24-48 h with antibiotic treatment, the high rate of mortality and neurological complications demand additional research work [5, 14, 23, 32] . Animal research showed that bacterial lysis results in increased subarachnoid inflammation, increasing the risk of a worse outcome of the disease [3, 17] , as a result of releasing inflammatory interleukins through destroying bacteria [4] [5] [6] 30] .
Several serum and CSF parameters are analyzed in predicting the outcome of the disease. Soluble urokinase receptor values in CSF [33] , PCT [34] , CRP [35] , matrix metalloproteinase-9, tissue inhibitor of metalloproteinase-1 [36] , and CD64 [37] , correspond to the severity and outcome of purulent meningitis. It is a well-known fact that concentrations of albumins and the albumin coefficient are gold standard measures of BBB function [26, 27, [38] [39] [40] . However, the data for purulent meningitis and predictive concentrations of albumins and the albumin coefficient in disease outcome are limited [32, 40] .
Moreover, animal and human investigations have found that the use of dexamethasone improves the BBB damage and reduces neurological complications and CSF inflammation [1, 2, 14, 17, 19, 22, 25, 30] . According to our data, the BBB damage is intensive during purulent meningitis and it constitutes a sensitive parameter in the outcome of the disease [6, 14, 21, 25, 29, 31] .
Our data indicate that the patients who developed complications have much longer persistence of CSF pleocytosis with polymorphonuclear (PMN) predominance compared to the survivors without complications. Additionally, the CSF glucose concentrations at the beginning of the disease were low and corresponded with the outcome of the disease, which is reported by other authors too [14, 28, 31] .
During the first 72 h, in patients who have been treated with dexamethasone, a drop in protein concentration was observed (which was not the case with the patients treated without dexamethasone). Later on in the course of the disease, the use of dexamethasone had a minor influence on protein concentrations in patients surviving the disease with or without complications. A high value of proteins in CSF at the beginning of the disease was found to be an important outcome predictor in patients with purulent meningitis, due to the fact that higher values have been evidenced in patients with a lethal outcome, as well as those who developed complications [31] .
Analyzing BBB damage parameters in predicting the outcome of patients with purulent meningitis, it was found that the most sensitive parameter for poor outcome of the disease was the albumin coefficient and duration of its pathological values. The albumin coefficient in our patients with purulent meningitis presents severe and very severe BBB damage that directly corresponds with the outcome of the disease. The severity of this disease within all patients included in the study was documented as follows: 28.9% of the patients had severe BBB damage, 49.7% very severe BBB damage, and 6.3% had collapse of BBB functions. Very severe damage and collapse of BBB functions were more often found in patients with a poor outcome. The RR values obtained from our data show that the duration of a pathological albumin coefficient and mean value of albumins were the most sensitive parameters in predicting the disease outcome. According to RR values, other parameters such as pleocytosis, proteins and low glucose show less predictive value for outcome according to RR values.
In conclusion, according to our data, the BBB damage in patients with purulent meningitis is very severe and corresponds with disease outcome. The best predictors of poor outcome are the albumin coefficient, pathological values of albumins, and concentration of proteins. However, further larger studies in this field need to be carried out on BBB damage in predicting the outcome of purulent meningitis.
